We read with interest the report of Guerrant et al. (1). It was stated that the fecal lactoferrin assay may be a useful diagnostic tool in the evaluation of patients with acute diarrhea syndrome (ADS), offering some advantages over microscopic examination for fecal leukocytes. We would like to comment on this and report data from a study carried out in Chile in which fecal lactoferrin was measured as described elsewhere (1) by using anti-human lactoferrin antibody (L-232; Sigma). Titers above 1:60 were considered positive.
Fecal Lactoferrin as a Marker of Fecal Leukocytes
We read with interest the report of Guerrant et al. (1) . It was stated that the fecal lactoferrin assay may be a useful diagnostic tool in the evaluation of patients with acute diarrhea syndrome (ADS), offering some advantages over microscopic examination for fecal leukocytes. We would like to comment on this and report data from a study carried out in Chile in which fecal lactoferrin was measured as described elsewhere (1) by using anti-human lactoferrin antibody (L-232; Sigma). Titers above 1:60 were considered positive.
In agreement with previous reports (1, 2) showing that lactoferrin is present in human milk (1 g/liter), colostrum (7g/liter), and cow milk (0.1 g/liter), we found lactoferrinpositive reactions at dilutions of up to 1:105 in milk samples from humans and cows and pasteurized liquid and infant formula (NAN and NIDO; Nestle). The antibody was shown to cross-react with bovine lactoferrin, but only with human milk did it consistently show a more coarse pattern of agglutination.
The fecal lactoferrin assay was evaluated with 63 pediatric patients with ADS and 25 healthy infants. Stool samples were collected for fecal lactoferrin, fecal leukocytes, and microbiological analysis (bacterial and parasitic enteric pathogens and rotavirus). The type of milk received 48 h prior to sample collection was also recorded.
Among the 25 control infants, all were negative for fecal leukocytes, 8 breast-fed infants were positive for fecal lactoferrin (5 of them at titers over 1:540) , and 17 infants fed other kinds of milk were negative for fecal lactoferrin. The presence of lactoferrin in the stools appeared to correlate strictly with breast-feeding. Since 10 of 63 patients with ADS had been breast-fed, they were excluded from further analysis. Of 53 patients with ADS, 28 patients were positive for fecal lactoferrin, 15 of them were also positive for fecal leukocytes, and 22 produced samples that had identifiable enteric pathogens ( Corynebacterium urealyticum, formerly known as Corynebacterium group D2, is a new species in the genus Corynebacterium (3) which has been involved mainly in urinary tract infections but also in endocarditis, pneumonia, peritonitis, osteomyelitis, and soft-tissue infections (1, 5, 6) . The clinical significance of most organisms isolated from normally sterile sites such as the kidney, the bladder wall, the ureter, and blood is relatively easy to determine. However, that of organisms isolated from nonsterile areas, such as urine or sputum, is more difficult to assess.
Ryan and Murray (4) have recently examined the value of selective media for isolation of C. urealyticum from urine samples as well as determination of the clinical relevance of such isolates. They studied 194 urine samples which had pHs of .7.0, finding two isolates of C. urealyticum (prevalence, 1% in urine samples with such a pH) which were not related to the urinary tract infectin symptoms. This finding partially confirms those of a previously published paper which included more than 9,000 unselected urine samples showing a prevalence of 1.17% with selective media but only 0.038% with nonselective media (7). Unsurprisingly, most or all of the 15 organisms isolated from 13 patients by using selective media were not involved in the clinical symptoms, but those isolated from three patients by using nonselective media were (7). De Briel et al. (2) , by studying more than 5,000 unselected urine samples, isolated C. urealyticum in 2.5% (2105 CFU/ml) of the urine samples using selective and nonselective culture media (2) . Our rates of C. urealyticum isolation from unselected urine samples are 1.9 and 0.23% with selective and nonselective media, respectively. Again, up to 60% of isolates from nonselective medium were clinically significant (5); the rate for those isolates from selective medium was very low (unpublished data). Selective medium for isolating C. urealyticum from urine samples has great epidemiological value, but it is not useful for management of the patients, as most strains isolated only from selective medium have no clinical relevance.
The decision to look for C. urealyticum in urine specimens and therefore to extend the incubation of urine cultures is a matter open for discussion. Nevertheless, we do not recommend the use of selective media for routine purposes. We recommend cystine lactose electrolyte-deficient and blood agars instead. Several circumstances, such as kind of hospital, local prevalence, data from urine sediment, and above all, clinical information communicated to the microbiologist, as also stated by Ryan and Murray (4), should be considered key factors before one decides to search for this pathogen. (7) . However, these agents do not need to be exhaustively sought in every instance of this common problem (6, 23) , and the cost of indiscriminate use of etiologic studies for diagnosis is prohibitive. The cost for each positive routine stool culture result has exceeded $900 to $1,000 (8, 11 ).
An important diagnostic clue in considering whether diarrhea is a noninflammatory or an inflammatory process is the examination for fecal leukocytes (4, 9, 12 from a fecal specimen in a cup. The specimen is stained so that leukocytes are clearly distinguishable in the fecal debris. This requires the immediate availability of a skilled person with a microscope to stain and examine fresh fecal specimens in the clinic or emergency areas where the patient is seen. It may also be difficult to obtain fecal specimens in a cup (these specimens are superior to swab or diaper specimens for examination of fecal leukocytes; swab or diaper specimens are only 44% sensitive, whereas cup specimens are 95% sensitive for fecal leukocyte detection by methylene blue examination of specimens from patients with culturedocumented shigellosis [12] ). Therefore, a method that remains sensitive when swabs are used and that remains sensitive when specimens are transported or stored (overnight) would be helpful and might allow a wider application of a selective diagnostic and treatment algorithm.
We developed a simple in vitro test for a leukocyte marker that is highly sensitive to the numbers of fecal leukocytes typically found in inflammatory diarrheal specimens and that can be quickly and easily done either in the clinic or later (after transportation or storage) in the laboratory. Only a minimum amount of training is required to learn how to perform the test.
We initially explored the leukocyte marker leukocyte esterase (an enzyme used in detecting leukocytes in the urine) (16) and found that, in contrast to its usefulness in testing leukocytes in urine, normal fecal specimens gave a positive result, so we abandoned further studies with leukocyte esterase. Instead we found that lactoferrin, an ironbinding glycoprotein found concentrated in secondary gran-ules in leukocytes (10, 19) , was not readily detected in normal stool specimens unless neutrophils were added. The neutrophils were then readily detected in fecal specimens when lactoferrin was used as a marker. While we initially demonstrated the feasibility of detecting leukocytes in fecal specimens using a radial immunodiffusion assay for lactoferrin, the greater sensitivity and speed of latex agglutination led to a focus on that method, as noted below.
MATERIALS AND METHODS Preparation of latex beads. Latex beads (Bacto-Latex 0.81 beads; Difco Laboratories, Detroit, Mich.) were coated with rabbit anti-human lactoferrin (product L-3262; Sigma Chemical Company, St. Louis, Mo.) as follows: 2.5 ml of beads was centrifuged at 1,800 x g for 30 min, washed with 5 ml of glycine buffer (7.3 g of glycine and 10 g of NaCl in 1 liter of distilled water adjusted to pH 8.2 to 8.3), and then resuspended in 5 ml of glycine buffer to provide an approximately 1% suspension of beads. To this latex bead suspension was added 0.35 ml of undiluted rabbit antilactoferrin antibody, to provide a 7% antibody dilution in the bead suspension. The mixture was incubated at 38°C for 1 h, after which the antibody-coated beads were spun and resuspended in 5 ml of buffer to which 0.005 g of azide (0.1%) and 0.05 g of bovine serum albumin (1%) were added. The coated bead suspension was then stored at 4°C until use. Twenty microliters of this antibody-coated latex bead suspension was mixed on a microscope slide with 20 ,ul of sample, and agglutination was graded after 2 min with an unaided eye as follows: 0, no agglutination; +, barely detectable, trace agglutination with a milky background; 1+, definite, fine agglutination with a milky background; 2+, definite, fine agglutination with a clearing background; 3+, larger agglutination with a clear background.
For a negative control, latex beads were prepared as described above, but rabbit anti-human lactoferrin was not added. The assay has been licensed and is being developed as a commercial product by Techlab Inc., Blacksburg, Va. (a patent is pending).
Isolation of neutrophils. Neutrophils were obtained from normal heparinized (10 ml) venous blood by a one-step Ficoll-Hypaque separation procedure (Neutrophil Isolation Medium; Los Alamos Diagnostics, Los Alamos, N.M.) (3). The polymorphonuclear leukocytes (PMNs) were washed three times with Hanks balanced salt solution (HBSS). Residual erythrocytes were lysed by hypotonic lysis with 3 ml of iced 0.22% sodium chloride solution for 45 s and then with 0.88 ml of 3% sodium chloride solution, this was followed by the addition of 5 ml of HBSS and centrifugation. A 1:2 suspension of PMNs in diluted stool was prepared by using normal stool of mixed with 1 ml of HBSS to make a cloudy suspension and adding 0.5 ml of previously counted PMNs to 0.5 ml of the stool suspension. urate a rayon-tipped swab (Culturette II collection and transport system; Marion Scientific, Kansas City, Mo.). The swab was then placed in 390 ,u of HBSS and shaken, and the excess fluid was squeezed out to make a calculated 1:4 dilution that we could examine for leukocytes directly and by the lactoferrin assay.
PMNs were quantified morphologically at time zero and at subsequent intervals by using a ruled Neubauer-type hemacytometer chamber. To aid in visualizing the nuclei, methylene blue stain was incorporated into the counting solutions (20 ,u of solution, 20 ptl of methylene blue, 160 ,ul of HBSS).
RESULTS
Sensitivity of lactoferrin latex agglutination assay for lactoferrin. As shown in Fig. 1 , the lactoferrin latex agglutination assay done with three different antibody-coated bead preparations was sensitive to less than 1 ng of purified lactoferrin per ,ul, with readily apparent agglutination of the latex beads.
The lowest concentration of lactoferrin that consistently gave 1+ or greater agglutination was 0.31 ng/,u, a concentration that, from previously published data (10) after storage in a refrigerator or on swabs, the number of PMNs in the suspensions were counted and then the PMNs were placed in 1% Triton X-100 or in a cloudy suspension of normal stool or both. Then, we reexamined the suspension for PMN counts by microscopy and lactoferrin titer by the latex agglutination assay immediately and after storage in a refrigerator or on swabs for 1 to 6 days ( Fig. 3 and 4) . In contrast to the lability of PMN numbers and morphologies seen after refrigeration, lactoferrin titers were remarkably stable even when the stool or Triton X-100 suspensions were refrigerated for several days.
There was a striking loss of PMN numbers after PMNs were placed on swab specimens (Fig. 4) . In contrast, as quantified by determining the lactoferrin titer of leukocytes in fecal suspensions placed on swab specimens remained stable. Lactoferrin titers were relatively stable after PMNs were placed in a fecal suspension and then placed on rayon-tipped swabs (in comparison with the lactoferrin titers that were determined before placement of the suspension on swabs). In contrast, the number of morphologically evident leukocytes was extremely variable, with a mean loss of 3 to 4 log units after placement on a swab for 1 to 6 days. Clinical studies. Initial pilot studies of stool specimens from six patients with Salmonella (n = 2) or C. difficile (n = 3 . Stability of lactoferrin latex agglutination assay (LFLA) titers after refrigeration of specimens for 1 to 6 days. Each line represents a separate experiment. In contrast to the lability of PMN numbers and morphologies seen in paired experiments, lactoferrin titers were remarkably stable, even when solutions were refrigerated for several days. T, 1% Triton X-100; S, stool specimen. (± range) 3 3 Stool: PMN Suspension FIG. 4 . Stability of lactoferrin latex agglutination assay (LFLA) titers despite the instability of PMN counts with swab specimens in 1 to 6 days. "Alone" indicates PMN counts and lactoferrin titers determined in the fecal-PMN suspension just before their placement on the swabs. Lactoferrin was consistently detected in swab specimens with minimal or no loss, in contrast to the striking variation with a mean 3-to 4-log-unit loss of morphologic PMN counts after placement on swab specimens. Results are the means and range of three and four different experiments for PMN and lactoferrin measurements, respectively. 4) enteritis were positive and three control stool specimens were negative for lactoferrin by latex agglutination, thus demonstrating the feasibility of using this test to examine patient fecal specimens. In preliminary studies to test whether the lactoferrin latex agglutination method correlated with evidence of fecal leukocytes on microscopy of methylene blue-stained specimens in a field setting, fecal specimens in cups from 29 children with acute diarrhea presenting to a Rehydration Center in Fortaleza, Ceara, Brazil, where stool cultures are not routinely available, were promptly examined. Of 17 children whose specimens had one or more leukocytes per high-power field on microscopic examination, we determined by latex agglutination that 16 (94%) had fecal lactoferrin at a titer of greater than or equal to 1:50. In only 3 of 12 children (25%) whose specimens had less than one leukocyte per high-power field was lactoferrin present at a titer of greater than or equal to 1:50. In addition, none of the seven normal control specimens from healthy individuals without diarrhea in Charlottesville, Va., was positive for lactoferrin at a titer of greater than or equal to 1:50. When we systematically examined by cell culture assay 16 fecal specimens from patients with nosocomial diarrhea at the University of Virginia Hospital that had C. difficile cytotoxin titers greater than or equal to 1:1,000, we found by latex agglutination that 95% (15 specimens) had lactoferrin titers that ranged from 1:100 to 1:800, even though PMNs were not seen in 6 of 9 of these specimens that were promptly examined after methylene blue staining. Of 14 fecal specimens with cytotoxin titers of 1:10 to 1:100, 9 (64%) had moderate lactoferrin titers (1:100 to 1:400), while only 1 of 16 specimens (6%) with no detectable cytotoxin had a lactoferrin titer of >1:50 (1:100).
Finally, we tested fecal specimens from patients with culture-documented shigellosis from the University of Maryland Center for Vaccine Development and Hospital das Clinicas in Fortaleza, Ceara, Brazil (Fig. 5) In conclusion, fecal lactoferrin can readily be detected by a simple latex agglutination assay and provides a useful marker for inflammatory diarrhea, even when fecal leukocytes are destroyed by transportation, storage, swab, or toxins. The ultimate utility of this assay in clinical or field settings and its potential application to specimens other than stool specimens require prospective clinical studies in different field, hospital, clinical, and laboratory settings.
